autopsy this man had extensive posterior and anterolateral cardiac infarction.
The contrasting clinical picture is exemplified by a patient with pain threshold 15 kg, whose pain eventually demanded sympathectomy. At autopsy only scattered areas of fibrosis were found in the myocardium. Such cases as these gave a clear clinical impression that the pressure pain threshold of the individual greatly influenced the pain he experienced with cardiac infarction.
The clinical impression was assessed quantitatively on a group of 74 patients with proved cardiac infarction. These patients were categorized with regard to the features of pain intensity, duration, and the individual requirement of morphine.
Pain intensity was graded into 'slight', 'moderate', 'severe', or 'agonizing' degrees (Grades 1, 2, 3 and 4 in Table 1 ). It was found that though there was no difference between those describing their pain as 'slight' and those describing it as 'moderate', there was a significant statistical difference between these two groups and those classifying their pain as 'severe' or 'agonizing'. The intensity of pain was clearly shown to be inversely related to the pressure pain threshold, i.e. the higher the pain threshold the less intense the pain (Table 1) . Similarly, inverse relationship was demonstrated to exist between the pain threshold and the duration of the pain (Table 2) ; that is to say the higher the patient's threshold the shorter was his pain with cardiac infarction. There was also a significant inverse relationship between the pain thresholds (Hardy 1962) , even without the production of a burn. Pain due to cold may also be chemically mediated.
Pain is essentially the sense of injury, and it seems likely that it is usually an indication of the rate at which a tissue is being damaged. Thus extensive wounds may at times be painless and small active lesions very painful. .
In this way one can record pain from acetylcholine (ACh), histamine, 5-HT, K+ and plasma kinins (e.g. bradykinin, kallidin), as well as from hypotonic, hypertonic acid or alkaline solutions.
In the body ACh, histamine, 5-HT and K+ are mainly present inside body cells and they will cause pain only when they are released into the extracellular fluid. ACh is primarily a chemical transmitter and there is no convincing evidence that it excites sensory nerve endings in vivo. Histamine is stored in the granules of the mast cells and can be explosively released into the interstitial fluid by many kinds of chemical agents. Low concentrations of histamine (10-7 to 10-5 g/ml) in the skin will evoke itch, and higher concentrations cause pain. The typical lesion due to histamine release is the urticarial weal, in which the sensory adjunct is itch, but some types of injury may release histamine in a concentration high enough to cause pain. In this case the role of histamine is difficult to establish because other substances would be released at the same time.
5-HT occurs in blood platelets and will be released from them when they disintegrate during blood clotting or as the result of contact with injured tissues. 5-HT is a very potent painproducing agent, acting in concentrations down to 10-7 g/ml or even less. K+ is the typical intracellular cation, in contrast to Na+ which is the extracellular cation. K+ is found inside cells in a concentration of (Eisen 1966) . Migraine Plasma kinins, or substances very similar, have also been found in the cedema fluid around the tender temporal artery on the affected side, in patients with the typical unilateral headache of migraine (Chapman et al. 1960 , Chapman et al. 1961 . Plasma kinins may also contribute to the production of pain in many other states. The observations of Sicuteri et al. (1965) that 5-HT potentiates pain production by plasma kinins raise the possibility that there may be similar interactions between other algogenic agents. This is a field which deserves further study, particularly in view of the composition of animal venoms and plant stings.
Animal Venoms Insect venoms contain the most interesting constituents. The crude venom of the common wasp (Vespa vulgaris) contains high concentrations of histamine and 5-HT, which themselves could cause well-marked pain. In addition there is a bradykinin-like polypeptide called wasp kinin, which is also strongly algogenic (Jaques & Schachter 1954 , Holdstock et al. 1957 produce marked pain on the blister base. Jellyfish stings owe their activity to the presence of protein or peptide toxins, which cause very severe pain. Lane (1960) , in the U.S.A, has shown that the toxin of Physalia physalis (Portuguese man-of-war) consists of nine separable components, all of which are peptides. The active principles in the venoms of the sting-ray, weeverfish, and deadly stonefish, are all proteins and can provoke intense long-lasting pain by mechanisms which we do not yet understand. Scorpion venom, although it contains 5-HT, owes its pronounced algogenic activity to the presence of toxic proteins or polypeptides.
I am now going to speculate. We have seen that some venoms contain ACh, histamine, 5-HT and kinins similar to bradykinin; small molecular substances which are of general occurrence and wide distribution in mammals, including man. Venoms also may contain proteases similar to those in mammalian digestive juices. I am therefore tempted to wonder whether the large molecular protein or polypeptide toxins which occur in venoms may also be found, perhaps with slight variations in chemical structure, in human tissues in diseases associated with severe and prolonged pain. Some support for this suggestion comes from the work of Janoff & Zweifach (1964) , who have isolated from the lysosomes of polymorphonuclear leucocytes a cationic (i.e. basic) protein which we have found to cause pain, of a similar nature to that evoked by Habermann's basic polypeptide from bee venom. The two substances are not known to be chemically identical, but they may be sufficiently analogous to justify a more general search for the presence in body tissues of substances resembling the active algogens in venoms. The concentrations in the body would be much less than in venoms, but if the chemical structure of the algogenic toxins could be fully determined it might then be possible to detect their presence in body tissues. There is much still to be learnt about such possibilities. Finally, an understanding of the chemical changes which underlie the production of pain, probably the commonest of all symptoms, may help to reveal the causes of diseases in which pain is a prominent feature.
